Present study was designed to evaluate the performance of newly developed tomato advance genotypes and to investigate their yield stability across a range of environments over two consecutive years. Ten genotypes (8 new promising lines and two check cvs were grown at five different environments. in a randomized complete block design with three replications to determine the Phenotypic and genotypic stability. These Egyptian environments were Kaha, 2015 (Kalubia Governorate); Kaha, 2016 (Kalubia Governorate); El Tal El Kabier, 2015 (Ismailia Governorate); El Tal El Kabier, 2016 (Ismailia Governorate) and Dokki, 2016 (Giza Governorate). Combined results showed that line Z 5 produced significantly high mean values for each of earliness, fruit firmness and fruit yield than other studied genotypes, ranked first over all sites in both years and exhibited average stability and it can be recommended for favorable environments. It was concluded that both promising lines G 3 and Z 3 exhibited high stability of yield and both total soluble solids and fruit firmness where the regression coefficient (b i ) was near unity with low deviation from the regression (non-significant, S 2 d i ). Therefore, both genotypes G 3 and Z 3 were found to be the most stable genotypes for all the environments and strongly recommended for planting at multi location trials. A 2 , Super strain-B, Z 42 and G 5 are considered as genotype with low stability. G 5 appeared to be more productive under unfavorable environments for plant height, days to flowering, fruit firmness, fruit length, fruit diameter, No. locules/fruit, fruit weight and fruit yield.
INTRODUCTION
Tomato (Solanum lycopersicum L.) belongs to the Solanaceae family and self pollination annual crop. Tomato is a very important vegetable cultivated and consumed in most parts of the world, from home gardens, greenhouses and open field to large commercial farms due to its wider adaptability to various agro-climatic conditions (Agyeman, 2014) . In Egypt, total area cultivated by this crop was estimated by 515225 faddens with a total production of 8571050 tons with an average of 16.636 tons/fadden  .The ultimate goal of plant breeders in a crop improvement program is the development of the genotypes, which can be adapted to a wide range of diversified environments. Consequently, according to Allard and Bradshow, (1964) for develop a high yielding genotype and consistency, high attention should be given to the importance of stable performance for the genotypes under different environments and their interactions which had important. G x E interaction usually tested the adaptation of a genotype (G) over different environments (E). Bhnan (2008) evaluated five selected lines in F7 generation with three check cvs, and found that some lines were superior to the check cvs for plant height, total yield, fruit weight, fruit firmness and TSS. To test the stability of genotypes under different environments, Eberhart and Russell (1966) suggested a model and distinct a stable variety as having unit regression over the environments (b i =1.00) and minimum variation from regression (S 2 di= 0). Consequently, a variety with a high mean yield over the environments, unit regression coefficient (b i =1) and variation from regression as small as possible (S 2 di = 0), will be a superior choice as a stable variety. The interaction between genotype and environment is one of the effective factors to study of stability and it was studied by many researchers on the various genotypes of tomato (Ortiz and Izquierdo, 1994; Mandal et al., 2000; Shalinim 2009; Hosamani, 2010; Panthee et al., 2012 ; Al-Aysh, 2013 and Mohamed et al., 2013) . The yield stability in different places can be due to cultivar performance that derived from a specific collection of genes (G), the characteristic that associated factors of the environment in which it is grown (E), and the interaction between genotype and location which are usually conducted in various years and locations to satisfactorily stand for spatiotemporal variation. Therefore, stability studies (Genotype x environment interaction) are therefore of great importance to identify superior genotypes that perform well across a wide range of environments and to detect specific adaptability of genotypes over favorable or unfavorable environments. The aim of this study was conducted to evaluate the performance of newly developed tomato advance genotypes and to investigate their yield stability across a range of environments over two consecutive years. The information generated by such studies will be helpful for breeders to develop tomato genotypes which could produce higher and more stable yields over diversified environments.
MATERIALS AND METHODS
Ten genotypes of tomato (8 new promising lines, i.e., A 1 , A 2 , G 2 , G 3 , G 5 , Z 3 , Z 5 and Z 42 were derived from a previous breeding program by (Zakher, 2005 and and two check cvs i.e., Peto86, and Super strain-B; as shown in Table ii ) were included in the yield trial to study the performance of ten genotype x environment interactions over five different environments. These environments, in Egypt, were E 1 : Kalubia Governorate (Kaha), 2015; E 2 : Kalubia Governorate (Kaha), 2016; E 3 : Ismailia Governorate (El Tal El Kabier), 2015; E 4 : Ismailia Governorate (El Tal El Kabier), 2016 and E 5 : Giza Governorate (Dokki), 2016. The experimental layout in each of the five environments was a randomized complete block design with 3-replications for each experiment. Seeds of each genotype were sown in the nursery on 25 th of January / 2015 and the transplanting took place on 16 th and 18 th of March at E 1 and E 3 respectively, also in the 2 nd year, 2016 the transplanting took place on15 th , 16 th and 17 th of March at E 2 , E 4 and E 5 , respectively. Three rows (5 m long × l.25 m wide with spacing of 40 cm between plants) in each plot. The drip irrigation system was followed in all environments and the normal agricultural practices of tomato were applied.
The mean air temperature data of test locations during 2015 and 2016 seasons as shown in table i. Observations were recorded for plant height (cm), number of days to 50% flowering, acidity of fruits juice % (using a pH meter), average fruit weight(g), length (cm) and diameter (cm), No of locules/fruit, fruit firmness (kg/cm 2 ), total soluble solids % using of the refractometer; (A.O.A.C., 1990) and total yield (g/plant).
Data were subjected and statistically analyzed. Combined analysis of variance was performed across the five environments to detect the genotype by environment interaction effects as described by Steel et al., 1997. Stability analysis for the characteristics studied was performed according to the model of Eberhart and Russell (1966) as follows:
Y ij = µ + β i I j + δ ij Where: Y ij : is the mean yield of the i th genotype at the j environments (i = 1, 2, 3. . v and j = 1, 2 … n), µ: is the mean of i th genotype across all environments and β i : is the regression coefficient of the measured response of the i th genotype to several environments. bi = Σ j Y ij I j / Σ j I j 2 I j : is the environmental index obtained as the mean of all genotypes at the j th environment minus the grand mean. [Ij = (Σ i Y ij / v) -(Σ i Σ j Y ij / vn)], Σ j I j = 0 Also, δ ij : is the deviation from the regression of the i th genotype at the j th environment. S 2 d i = [Σ j δ 2 ij / (n-2)] -s 2 e /r
RESULTS AND DISCUSSION
Combined analysis of variance over all environments displayed significant to highly significant differences between genotypes, environment and genotype x environment interaction relative to all studied traits (Table 1) which indicated a wide range of variability among the genotypes performance. The G x E interaction when tested by collective error it was significant for all the factors, indicating that the majority of interaction was linear in nature and forecast over the environments was possible (Ortiz and Izquierdo, 1994; Mandal et al., 2000; Shalinim, 2009; Hosamani, 2010; Panthee et al., 2012; Al-Aysh, 2013 and Mohamed et al., 2013) . Yield/ plant (gm) Genotypes(G) 9 2.5042** 2.3424** 10.0333** 6276.9** 8217216.9** Environments(E)) 4 0.9159** 1.6171** 1.3833* 718.2** 486743.0** Replications in environments 10 0.0134 0.0117 0.1 33.23 1931 G × E 36 0.2079** 0.3066** 0.4722** 181.53** 22622.91** Error 90 0.0068 0.0085 0.1444 23.14 4175.86 *, ** significant and highly significant at 0.05 and 0.01 levels of probability, respectively.
Significant differences were observed for a number of days to 50% from flowering among the genotypes (Table 2) . A 2 genotype had the shortest days to flowering over all environments. Combined results for days to flowering showed that both A 2 and Z 5 produced significantly early mean combined over flowering (28.5 and 30.1 days, respectively) than other genotypes and ranked first (no significant differences between them) over all sites in both years. Other high earliness genotypes were G 2 , A 1 and Peto-86 which flowered after 31.8, 32.1 and 32.3 days, respectively (no significant differences between them) with 2.4, 2.1 and 1.9 days, respectively earlier than the grand mean of all environments and ranked as second earliness group. On the other hand, no significant differences were observed between the line Z 42 and grand mean of all studied environments. All genotypes reached the 50% flowering earlier in E 4 (Ismailia 2016) except G 3 , G 5 and Super strain-B. Each of Z 5 , G 2 and A 1 favorable genotypes with respect to yield reached the 50% flowering by about 4, 3 and 2 days, respectively earlier than grand mean. Genotype G 3 , G 5 , Z 3 and the check cultivar Super strain-B remained late across all studied environments. The highest site mean earliness (32.2 days) was recorded at (E 4 ) Ismailia, 2016 followed by (E 3 ) Ismailia 2015 (34 days); (E 1 ) Kaha, 2015 (34.3 days); (E 5 ) Dokki (35.1 days) and (E 2 ) Kaha, 2016 which exhibited 35.3 days with no significant differences between them and grand mean (Table 2 ).There were negligible differences among genotypes with respect to days to flowering between environments but these differences caused Environmets x Genotypes interaction (P < 0.05). As a result of genetic differences among genotypes, the new lines had different day to flowering period. Results for fruit firmness (Table 2) showed that Z 5 , Z 3, G 3, A 2 and G 5 produced significantly high mean combined over firmness (2.78, 2.75, 2.69, 2.68 and 2.58kg/cm 2 ), without any significant differences between them, than other genotypes and ranked first over all environments. Other high yielding genotypes were A 1 , G 2 and Z 42 which produced 2.55, 2.44 and 2.41kg/cm 2 , respectively, and ranked as a second group (also, without any significant differences between them). Both check cultivars, i.e., Peto-86 and Super strain-B remained poor in performances across all studied environments. The highest site mean value (2.79 kg/cm 2 ) was recorded at (E 4 ) Ismailia, 2016 followed by (E 3 ) Ismailia, 2015; (E 5 ) Dokki; (E 2 ) Kaha, 2016; and in descending order; while the lowest site mean yield was recorded with (E 1 ) Kaha, 2015 without any significant differences with E 2 (Table 2a) .
Regarding to yield, the combined results (Table 2b ) showed that Z 5 produced significantly high mean combined over yield (3167.8 g/plant) than other genotypes and ranked first over all sites in the both years. Other high yielding genotypes were G 2 , G 3 and A 1 which produced 2670.9, 2371.1 and 2057.3 g/plant, respectively yield and ranked as the second, third and fourth. No significant differences were observed between Z 3 (1859.2 g/plant) and grand mean (1823.69 g/plant) over all sites. Genotype G 5 and Z 42 in addition to both check cvs, i.e., Peto-86 and Super strain-B remained poor in performances across all studied environments. The highest site mean yield (1976 g/plant) was recorded at (E 1 ) Kaha, 2015 followed by (E 4 ) Ismailia, 2016 (1926.3 g/plant); (E 3 ) Ismailia, 2015 (1812.1 g/plant) and (E 2 ) Kaha, 2016 (1728.6 g/plant) in descending order; while the lowest site mean yield (1675.3 g/plant) was recorded with (E 5 )Dokki (Table 2b ). Highly significant of the environments linear response was observed for all studied traits (Table 3) . Consequently, the regression coefficient (b i ) and deviation from regression (S 2 d i ) pooled over the five environments were calculated for each genotype and presented in Table 4 . On the other hand, the variation in both linear trend and non linear trend relative to most traits were significant, where it was corroborated by Kulkarni et al., (2000) . Eberhart and Russell (1966) confirmed that a need for considering both the linear and non-linear trend in order to evaluate yield and other parameters of stability of genotypes as well as both the linear regression coefficient and deviation from the regression for phenotypic stability. The mean squares due to E + (G x E) interaction was highly significant so, genotypes interacted considerably with the five environmental conditions. A major portion of these interactions may be attributed to E (linear) component. Significance of Pooled deviation mean squares for plant height, days to flowering, acidity of fruits juice, total soluble solids, each of firmness, length and diameter of fruits as well as both fruit weight and yield revealing deviation mean squares for individual genotypes (Table 3) . Such genotypes i.e., A 1 , A 2 , G 3 , G 5 , Z 3 , Z 5 , Z 42 and Super strain-B for both length and weight of fruit; A 1 , G 2 and Peto-86 for yield seemed to be not consistent in its performance over all environments. * significant and highly significant at 0.05 and 0.01 levels of probability, respectively.
The data on the three stability parameters including mean performance (x i ), regression coefficient (b i ) and deviation from the regression (S 2 d i ) have been shown in the Table 4 relative to various factors. The regression coefficient (b i ) for fruit weight and number of locules/ fruit was significant in the genotype A 2 and G 3 whereas genotype Z 42 showed approximately a unit regression. Also, tomato genotype Z 42 exhibited significant deviation from regression (S 2 d i ) for fruit weight. However, it showed no significant deviation from regression for some studied traits, i.e., total soluble solids, fruit firmness, number of locules/fruit and yield. Therefore, it is difficult to generalize stability for all genotypes relative to all observations because the genotypes used in this study did not exhibit a uniform stability and response pattern for different observations. Eberhart and Russell (1966) indicated that if the observations were associated with high performance of yield so properly the selection of genotype only for yield will be effective. Based on observed results genotype G 3 and Z 3 exhibited high stability of yield , both total soluble solids and fruit firmness where the regression coefficient (b i ) was near unity with low deviation from the regression (non-significant, S 2 d). Therefore, both genotypes G 3 and Z 3 were superior to other and strongly recommended for planting at multi location trials at the studied regions. Based on Eberhart and Russell, 1966 , (method of analysis of stability), generally, when the yield of cultivars is more than total average, the regression coefficient equal to one and there is minimum deviation from the regression line that means there is stability in the cultivar. However, the genotype G 3 followed by Z 3 presented a high performance in yield production (2371.1 and 1859.2 g/plant, respectively), low deviation from the regression line (non-significant S 2 d i ) and the regression coefficient (b i ) nearby 1, so that both promising lines were superior among genotypes in terms of yield stability and recommendable for all environments.
From Table 4 the genotypes can be divided in to four categories as follows: i) Genotypes with high mean, b i =1 and no significant difference in S 2 d i are suitable for general adaptation, so that they can be recommendable for all environmental conditions and they are considered as stable genotypes where both genotypes G 3 and Z 3 were included.
ii) Genotypes with high mean, b i >1 with no significant difference in S 2 d i are considered as genotype with average stability where genotype Z 5 was included and it can be recommended for favorable environments. iii) Genotypes with low mean, b i < 1 with no significant difference in S 2 d i are considered as genotype with low stability where genotypes A 2 , Super strain-B, Z 24 and G 5 in descending order, were included. iv) Genotypes with a few b i values with significant difference in S 2 d i are considered as genotype with poor stability. Based on results in some genotypes, the yield production was high as in genotypes Z 5 and G 2 , but there was a high variance by various environments which is why those genotypes have average stability. The genotypes with high yield and average yield stability are recommendable for favorable environments. Based on results genotypes G 3 , Z 3 and Z 5 produced high value of yield but the stability of them was varied. The tomato genotypes G 3 and Z 3 not only exhibited a high fruits yield over the population mean, but also the regression coefficient (b i ) and deviation from regression (S 2 d i ) was minimum so that both genotypes G 3 and Z 3 were stable than other genotypes. The genotype Z 5 indicated moderate stability. Thus, it is concluded that the tomato genotypesG 3 and Z 3 are ideally adaptable and stable and could be recommended for multi location of Egypt.
Accordingly, again, it is evident that stability analysis showed a wide variation among genotypes; some genotypes exhibited wide adaptation, while other showed specific adaptation either to favorable or unfavorable environments. In Table 4 , the high yielding genotype G 3 produced the highest mean yield (2371.1 g/plant) over all environments and had a regression coefficient (b i ) close to unity (1.133) and deviation from regression (S 2 d) not significantly from zero followed by Z 3 , A 2 , Super strain-B, Z 42 and G 5 . Generally, genotypes which show low G×E interaction variance, high mean yield potential over environments and below deviation from the expected response within a target environment are Preferred genotypes (Lin and Binns 1988) . This indicated its high yielding performance based on wide adaptation and stability of performance over all environments. Although four genotypes (Z 5 , G 2 , G 3 and A 1 ) had a superior yield performance on average, the yield performance of Z 5 and G 2 genotypes showed great variation between environments (Table 2b ). Yield performance of plants is controlled by the genetic capacity of a plant, environment and their interaction,… etc. (Fehr, 1993) . High and stable yield performances are the main objectives in plant breeding programs. To be widely accepted, a genotype must show good performance across a range of environments (Zayed et al., 2005) . Genotypes respond to changes in environmental conditions such as temperature, soil type, moisture, ,… etc. (Fehr, 1993) . G 3 and Z 3 genotypes must be more stable against environmental condition than those of Z 5 , G 2 and A 1 genotypes; hence G 3 and Z 3 genotypes can be considered for further investigation with respect to production for new variety development. Again, genotypes with "b i " value less than 1.0 and higher S 2 d i than zero are said to be specifically adapted to poor or unfavorable environments, while, genotypes having high "b i " value are specifically adapted to favorable or high yielding environments (Finlay and Wilkinson, 1963 and Eberhart and Russell, 1966) . A 2 produced higher yield than check cvs. Super strain-B over a range of environments showed below regression coefficient (b i <1) and non-significant deviation from the regression (S 2 d i ), indicated specific adaptability of this genotype to harsh (unfavorable) environments. It is evident that this genotype could be used as stress tolerant genotypes under stressed environments (poor yielding or unfavorable environments). Each of the genotypes A 1 (for fruit firmness, fruit length and fruit weight); A 2 (for Acidity, No. locules/fruit, and fruit weight); both G 2 and Super strain-B (for plant height, days to flowering, fruit length, diameter, and weight), G 3 (for plant height, fruit firmness, No. loculess/fruit, and fruit weight); Z 3 (for plant height, days to flowering, Acidity and total soluble solid), Z 5 (for Acidity, total soluble solid, firmness, fruit length, diameter and fruit yield); Z 42 (for days to flowering, total soluble solid, and fruit firmness) and Peto-86 (for both length and diameter of fruit) with above average regression coefficient (b i >1), it indicated that these genotypes could produce the higher Values of the parenthetically traits at favorable environments with fertile soil, adequate water and other inputs.
On the other hand, regression coefficient was less than 1 (b i <1) for 10 genotypes at least two to eight studied traits, such as A 1 for plant height, days to flowering, Acidity, total soluble solid, fruit diameter, and No. locules/fruit and also;A 2 for plant height, days to flowering, total soluble solid, firmness, fruit diameter and fruit yield; G 2 for total soluble solid, firmness, No. locules/fruit and fruit yield; G 3 for days to flowering, total soluble solid, fruit length and fruit diameter; G 5 for plant height, days to flowering, fruit firmness, fruit length and diameter, No. locules/fruit, fruit weight and fruit yield; Z 3 for fruit length, fruit diameter, No. locules/fruit and fruit weight; Z 5 for plant height, days to flowering, No. locules/fruit and fruit weight; Z 42 for both fruit length and fruit yield; Peto-86 for plant height, fruit weight and fruit yield and Super strain-B for Acidity, No. locules/fruit and fruit yield. 
